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I’ must be a source of ereat regret to those who have made 
themselves acquainted with the present state of Acoustics, to find 
the various investigations concerning the mechanism of the hu- 
man voice leading to such unsatisfactory and even contradictory 
results. For from whence may more instructive }essons in that 
science be expected than from an apparatus which is capable of 
producing sounds im every vanity of pitch, quality, and intensity, 
from the most exquisite music to the most execrable noise; an 
apparatus of no extraordinary dimensions, and one moreover of 
which the greater part is exposed to our observation during the 
various changes of form which it assumes whilst in action. Never- 
theless the laws which connect these changes of form with the 
production and variation of the sounds are hitherto obscure. ‘To 
account for this, we are compelled to refer to two considerations ; 
on the one hand, the instruinent of the voice is not exclusively 
appropriated to its production, but is also evidently adapted to the 
performance of functions far different and more important to the 
aninal economy; and, on the other, the explanation of the phe- 
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nomena, in as much as they are produced by a part of the animal 
trame, has been consigned, with that of its other functions, to the 
Anatomist and Physiologist, to those whose professional studies 
are completely unconnected with Acoustics, a science which in 
all investigations of this kind must necessarily take the greatest 
share. 

Accordingly every treatise on Physiology or Anatomy contains 
a chapter on the organs of voice, in which the parts conducing to 
its formation are described; whilst the contradictory and some- 
times careless accounts which the best anatomical writers give ot 
the mechanical action of these parts, and of the mode in which 
they perform their functions, form a vexatious contrast with thie 
minute accuracy of their anatomical descriptions. 

In the present memoir I have attempted a more mimute analysis 
of a part of these organs than appears to have been Intherto un- 
dertaken. As, however, I am writing tor philosophical readers 
in general, I have purposely divested my descriptions of the tech- 
nical form as much as possible, and my drawings are to be regarded 
more as plans or types of the general structure gathered froin the 
exannnation and comparison of many, than as representations of 
any one individual. 

The vocal mechanism: may be considered as 
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Now, if this arrangement be artificially imitated by combining 
together pipes and cavities with bellows in a similar order, and 
substitutmg for the Larynx any elastic lamina capable of pro- 
ducmg musical notes when vibrated by the stream of air, it is 
found that by changing the form of the cavity above it, the various 
qualities which distinguish the continued notes of the human voice 
m speech, may be so nearly imparted to the sound which the 
imitative Larynx is producing, as plainly to shew that there is no 
necessity for seeking any power of altering the quality of the notes 
in the Larynx itself. This then may be considered as merely an 
instrament for producing certain musical notes, which are after- 
wards to be converted into vowels, liquids, &c. by the proper 
changes of form in the superior cavity, 

We may here remark an essential difference between the vocal 
mechanism and our ordinary musical wind instruments, which are 
generally made up of some vibratory mouth-piece to generate the 
note, and an attached cavity, or pipe, to govern and augment its 
tone, each instrument having its peculiar quality ; whereas the 
attached cavity in the vocal machine is capable not only of govern- 
ing and improving the musical quahty of the note, but also of 
imparting to it all manner of various qualities, the numerons 
vowels and liquids of speech, and also the perfect mimicry of the 
peculiar sounds of nearly all animals and musical instruments. 

Of this cavity it is not my present purpose to speak. [n- 
deed I doubt whether the science of Acoustics is sufficiently ad- 
vanced to enable us completely to understand its mechanisin. | 
shall in this memoir confine myself to the Laryny. 

The precise form of the Laryngeal cavity, and the parts im- 
inediately connected with it, is shewn in Figs. 1 and Q. Bie, 2 
is a section made by a plane passing through the nose, mouth, 
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and windpipe, called the mesial plane, dividing the head sym- 
metrically, DEFG beng the external outline of the throat, 
and H the back of the tongue. Fig. 1 is a section made by 
a plane perpendicular to the former, and passing along the line 

From A to D (Fig. 2) the windpipe presents a_ horizontal 
section nearly circular; above D it contracts in the transverse di- 
inension, assuming the form of a narrow slit, termed the glottis. 
(The line GG@ (Fig. 1.) passes through the glottis). Immediately 
above it the windpipe expands into a pair of cavities, termed the 
ventricles of the Larynx, through which the line VV passes, and 
above these the passage again narrows into another slit indicated 
by the line LZ, which has been termed the pseudo glottis. Above 
this the passage again expands, and finally opens into the pharyn., 
as the cavity behind the tongue is termed. 

The whole surface of the cavity we have been describing is 
lined with a soft mucous meinbrane, similar to that which js seen 
on the inside of the mouth, soft palate, &c., with the exception of 
the edges of the glottis, where the lining assumes the form of a 
hgament, white, fibrous, and elastic, the outhne of which is seen 
in Fig. 2, immediately below the opening of the ventricle. The 
edges of the pseudo glottis are formed merely by a kind of redu- 
plication of the ordinary mucous membrane. It will be seen from 
Fig. 2, that neither the ligaments nor the ventricles extend entirely 
across the passage. 

The most generally received opinion, and that which appears 
to me to be borne out by a careful investigation of the structure 
of the Larynx, is that the current of air from the lungs excites 
these ligaments to vibration, and so produces the sounds of the 
voice (vide note A). Hence they are denominated the vocal liga- 
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ments. I shall now proceed to a more minute examination of the 
precise nature of this vibration, and of the mechanism of the Larynx 
generally than appears to have been hitherto attempted. Assum- 
ing then that the source of the notes of the voice is to be found 
in the vibrations of a pair of membranous elastic edges, between 
which a current of air is allowed to pass, I shall endeavour to 
shew under what conditions such elastic edges must be presented 
to a enrrent of air, im order that it may elicit from them the re- 
qmred vibrations. 

One of the most commodions ways of investigating this is to 
prepare a piece of wood of the form ABCD (Fig. 9) and paste 
on one side of it a piece of fine kid leather, the upper end of 
which (a) is cut straight, and a moderate degree of tension given 
to the leather when pasted on. 

This arrangement presents us with an elastic membrane, whose 
upper edge mu is free and the other edges confined, and, therefore, 
with a case analogous to that of the vocal ligaments. 

EF (Fig. 10) is the plan of a flat board, having a rectangular 
opening GH in the middle, and LM (Fig. 12) is a vertical section 
of this board along the hne LA, (Fig. 10,) shewing a pipe NM 
attached to the lower side of the board, in order to connect it 
with a pair of organ bellows, by means of which a current of 
air may be maintained through the rectangular opening at pleasure. 
(In Figs. 14, 16, and 18 are similar sections). 

Let now an upright board OP, (ig. 12,) be clamped upon 
LM, so that its face P may coincide with the side of the opening 
throughout its whole length. If the leather in its frame, (Fig. 9,) 
be exposed to the action of the current by placing the lower edge 
BC of its frame in contact with this board and always parallel 
to the side of the opening, and if then the frame be turned on 
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its lower edge, so as to place the plane of the leather at different 
angles with that of the board, the following phenomena will be 
observed : 

If the leather be inclined to the board, as in Fig. 12, the current 
will merely drive it outwards and fix it with its upper edge con- 
eave to the board, as in Fig. 11, (which is a bird’s-eye view of the 
upper edge). 

If the leather be inclined from the board, as in Fig. 14, the 
enrrent will draw the upper edge inwards, maintaining it with 
its upper edge convex to the board, as in Fig. 15. 

If, however, the leather be placed in the intermediate position 
to these two, that is, parallel or nearly so to the board, the current 
will excite and maintain strong vibrations in the upper edge of 
the leather, producing a loud musical note, as long as the current 
is kept up. 

If for the board we substitute a similar fraine with leather, 
and apply the two frames opposite to each other, above the rect- 
angular opening of the board, as in Figs. 16 and 18, we have an 
arrangement somewhat resembling the glottis, in possessing a pair 
of edges opposite to each other; with this similar phenomena to 
those just described are observable; namely, when the leathers 
are inclined éo each other, as in Fig. 16, the current maitains their 
upper edges in the position Fig. 15. When they are inclined from 
each other, as in Fig. 18, the current fixes them in the position 
Fig. 17, but when nearly parallel puts them into strong vibration. 
The angle at which they may be inclined to each other to make 
vibrations possible varies with the tension of the leather and the 
force of the current. For an examination of the reasons of these 
phenomena I must refer to Note B; it is sufficient for our present 
purpose to know that it is not merely necessary for the vibration 
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of a pair of hgaments, lke those constituting the glottis, that a 
current of air be passed between them, but that their opposite 
surfaces must also be placed in a given position with respect to 
each other. 

For instance, Fig. 5 is the ordinary position of the lgaments 
GG, in which the breath passing between them could never pro- 
duce a sound from them, they being inclined from each other. 
Whereas, in Fig. 1, where they are parallel, the breath would 
instantly excite vibrations in them. 

Here we have a solution of a difficulty which never seems to 
have occurred to former writers; that is, why the hgaments are 
silent while the ordinary breath passes between them. It cannot 
be because their tension is not sufficient, because I shall shew 
that they are always in a state of tension nearly corresponding 
to the pitch of the speaking voice. 

To shew how the same pair of igaments may produce various 
notes, let a wooden pipe be prepared of the form Fig. 19, having 
a foot C like that of an organ pipe and an upper opening, long 
and narrow as at B, with a pomt A rising at one end of it. If 
a piece of leather, (or, still better, of Hancock’s sheet India rubber,) 
be doubled round this point and secured by bemg bound round 
the pipe at D with strong thread, as in Fig. 20, it will give us 
an artificial glottis with its upper edges GH, which will vibrate 
or not, at pleasure by inclining the planes of the edges, according 
to the previous experiments. A couple of pieces of cork ELF 
may be glued to the corners to make them more manageable. 
From this machine various notes may be obtained by stretching 
the edges in the direction of their length GH; the notes rising 
in pitch with the increased tension although the length of the 
vibrating edge is increased. It is true that a scale of notes of 
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equal extent to that of the human voice cannot be obtained front 
edges of leather, but this scale is much greater in India rubber than 
in leather, and the elasticity of them both is so greatly inferior to 
that of the vocal ligaments, that we may readily infer that the 
great scale of the latter is due to its greater elastic powers. To 
obtain various notes from the glottis, therefore, it is only necessary 
to vary its longitudinal tension after its ligaments have been placed 
in the proper position. 

As, however, during breathing the air passes freely in and out 
of the lungs through the identical apparatus by which the notes 
are produced, the passage we have been considering, or glottis, 
must be capable of assuming the form of a large and free aper- 
ture; since it is certain, from the freedom with which the air is 
inhaled and exhaled, that it is not compelled to pass through so 
smal} a slit as the glottis appears to be during vocalisation. 

The passage is also capable of being shut so close by its own 
small muscles that all the exertions of the powerful abdominal 
muscles acting npon the diaphragm to compress the lungs and 
condense the air in the trachea are not capable of forcing it 
open. 

The production of a musical note takes place instantaneously, 
at the pleasure of the individual. The breath has been previously 
traversing the passage in silence, and at our will some change is 
iminediately made in the larynx, which produces the note, and 
this certainly depends upon something more than the mere closing 
of the passage, because we can make the aperture of the passage 
pass through all degrees of contraction up to absolute closing 
during the expiration of the breath without producing any sound, 
except the usual rushing noise of a forcible current of air passing 
through a narrow aperture. 
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The law of vibration which I have above explained renders 
this more intelhgible; for since it appears that unless the mem- 
branous edges of the passage are placed nearly paralle) they can- 
not be made to vibrate, we have only to suppose that the change 
we feel in the Larynx is the placing of the ligaments in a parallel 
position, and the whole mystery is explained. If therefore I can 
succeed in shewing that the arrangement of the cartilages and 
uiuscles is adapted for the purpose of placing the vocal ligaments 
under the various conditions which have been shewn to be neces- 
sary, I shall have done all that is possible to complete the 
evidence in favour of my explanation. 

For, after all, no explanation of the functions of a machine, 
of which essential parts are concealed while in action, can be com- 
plete and uncontrovertible: when we have examined the separate 
parts, and have enumerated the functions which observation shews 
the macinine to be capable of performing, and by comparing these 
with the different portions here elicited, as we flatter ourselves, a 
complete allotment of each function to its appropriate part of the 
structure, we have only been in fact describing a machine of our 
own contrivance, copied in form, and capable perhaps of per- 
forming the same functions, but not necessarily identical with 
the original, because we cannot certainly know whether it per- 
forms the same motions for the same functions. Hence we can 
only establish a probability that the uses of the corresponding 
parts in the two are the same. Beyond this probability we can 
never get, unless we can succeed in viewing the machine in 
notion. 

This is not entirely the case with the Larynx, because we are 
enabled to trace the motions of some of the cartilages from without ; 
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from our view while living, for we cannot make much use of the 
facts said to have been observed by some Physiologists in their 
experiments on hving animals, which are reported by men plainly 
but loosely acquainted with Acoustics, and which, as they have 
been deduced from a vocal mechanism vastly inferior to the hu- 
man, may very probably mislead us if we attempt to apply them 
to the explanation of the latter. 

Having now, i some degree, considered the uses of the Larynx, 
and Jaid down some principles, we may proceed to examine its 
strneture with more minuteness. 

Upon removing the mucous inembrane which lines the whole 
of the interior of the laryngeal cavity, but leaving the vocal liga- 
ments mm their place, we find the latter supported in a curions 
trame of cartilages united by certain ligaments and articulations, 
and provided with muscles, by the action of which the cartilages 
may be made to assume various positions with respect to each 
other, and thereby alter the tension and relative position of the 
vocal ligaments. 

The windpipe is found to consist of a pile of cartilaginous 
rings, serving to keep the passage from the lungs always open, and 
forming im this respect a contrast with the cesophagus, or tube 
leading from the cavity of the pharynx to the stomach, which is 
always closed by its muscular contractile strncture, excepting at 
the moment of the passage of food. In investigations concerning 
the organs of voice the oesophagus may always be regarded as 
having no existence. Its place is indicated in Fig. 2 by the 
line IA. 

Above thé rings of the windpipe, however, is a stout bony 
annulus, denominated the cricoid cartilage, which serves as the 
foundation of the mechanisin we are about to describe. 
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lig. 3 isa section of the Larynx similar to Fig. 2, but repre- 
senting it as stripped of its mucons membrane, &c., leaving the 
bare cartilages with the vocal ligament in its proper place, and 
also the muscles. 

Fig. 4 is an external view of the corresponding half of the 
Larynx, and Fig. 7 a bird’s-eye view of the entire Larynx, both 
in the same state of dissection. Fig. 8 is an enlarged sketch of 
part of the upper half of Fig. 7. In these four figures the same 
parts are indicatecd| by the same letters. 

The cricoid cartilage is seen (Figs. 3, 4, ABC,) surmountmg 
the rings of the windpipe. The thyroid cartilage ECGH embraces 
the cricoid, and is articulated to its sides by its lower horns at 
C, so that it may be regarded as turnmg round the point C’ as 
a fulcrum. As this discussion merely regards the motion of the 
cartilages among themselves, it is of no consequence whether we 
regard the cricoid or thyroid as fixed, and for convenience I shall 
assume the cricoid as fixed for the present. 

Upon the upper surface of the back part of the ericoid are 
seated two small cartilages (°F, Figs. 7, 8,) termed the arytenoids. 
They are placed upon articulating surfaces which are formed on 
the upper outer edge of the cricoid, and which may be considered 
as portions of cylinders, whose axes are inclined, both with respect 
to the horizontal and vertical sections. In the vertical section 
the projection of this articalatng axis is in the position BZ, Fig. 3, 
and in the horizontal in the line OP, Fig. 8. The base of each 
arytenoid is spread out, and curved below Q, Fig. 8, so as to 
lic upon this articulating surface, to which however it is so loosely 
adapted as to permit a small degree of sliding motion transverse 
to the axis. The arytenoids are however firmly tied to the back 
of the cricoid by a hundle of strong ligaments BI BS, Fig. 8, 
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and BF, Fig. 3, diverging from the pomt B, Fig. 8, which poimt 
B js as nearly as possible the point where the axis of the articu- 
lating surface would intersect the cricoid. ‘The vocal hgament 
is stretched from the thyroid at 7’ to the arytenoid at V, and as 
there is no muscle which can relax the ligament BRS*, it re- 
ceives and transmits to the point B of the cricoid the tension of 
the vocal hgaments. 

The motion of the arytenoid is therefore compounded of a rota- 
tion round the axis OP, and of a sliding motion transverse to 
this axis, which is confined by the tension of BRS to a swinging 
round the point B, of which we shall presently see the use. 

We have already seen that the thyroid is so united to the 
cricoid as to turn round the point C, Figs. 3 and 4, as a fulcrum. 
The effect of this rotation is to alter the distance between the point 
E of the thyroid, and B of the cricoid, and therefore to affect 
the tension of the vocal ligaments. 

If this distance be increased by the thyroid revolving in the 
direction from B to E, the tension of the vocal ligament is in- 
creased, and by its pulling at the arytenoid cartilage the tension 
of the bundle of ligaments is increased. If the distance EB be 
diminished by the thyroid turning in the reverse direction, the 
contrary effect will take place. 

To produce this motion, two pair of muscles are provided, 
one of the external pair (the cricothyroid muscle) is seen at AK, 
Fig. 4+, when this muscle contracts it brings the point A of the 





* Vide Note C. 

+ Each muscle of this pair is sometimes seen divided into two, and is described by 
some writers as such. Some of the fibres are attached so close to the fulcrum C as to be 
apparently intended to stretch the ligaments which bind the horns C of the thyroid to the 
cricoid, and thereby unite more firmly these two cartilages during vocalisation. 
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thyroid nearer to the point A of the cricoid, and therefore in- 
creases the distance EB; this pair of museles therefore stretches 
the vocal ligaments. 

One of the internal pair (the thyroarytenoid muscle) is seen 
at Emae, Fig. 3; it is attached to the inside of the front of the 
thyroid at Him, and to the arytenoid at ae; when this muscle con- 
tracts it approximates the arytenoid to the point E, and as the 
arytenoid is tied to the cricoid by the bundle of ligaments at B, 
it of course draws the pot #B after it, just as if the muscle were 
attached immediately to B. The effects of this muscle is then 
to decrease the distance EB, and therefore to relaw the voeal 
lieament. 

Hence the thyroarytenoid muscle is the antagonist muscle of 
the cricothyroid, and together they govern the pitch of the notes. 

The trnth of this account of the stretching and relaxing of the 
vocal ligaments may easily be verified, as far as the motion of 
the cartilages is concerned, by a method which was first suggested 
by Ferrein*, but appears to have been forgotten or misnnderstood 
by succeeding writers. We may readily trace with the finger on 
the outside of the throat, (at GFED, Fig. 2,) the thyroid cartilage 
EP, the cricoid cartilage DM, and a small space ED between them 
(marked mn in Figs. 3 and 4), Now it is plain that when the 
thyroid revolves upon C in the direction BE, so as to stretch the 
vocal ligaments and raise the pitch of the notes produced, that 
this motion approximates the lower edge m2 of the thyroid to the 
upper edge » of the cricoid, and, therefore, diminishes the aper- 
ture mn, and vice versa, when the ligaments are relaxed, the aperture 
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But upon singing a scale of notes two motions are to he ob- 
served in these cartilages; one is a general motion upwards, when 
the pitch of the notes rises, and downwards, when it falls; which 
we have no concern with at present, as we are treating only of 
the motions of the laryngeal cartilages with respect to each other, 
which this dees not affect. The other motion consists of the relative 
motion of the cricoid ) and the point & of the thyroid, and con- 
sequent variation in the distance DE, which is best to be traced 
by lodging the tip of the finger in the little hollow between the 
cartilages, and so following the general motion up and down. 
By doing this carefully, the size of this aperture will be perceived 
to follow a law exactly comciding with the above explanation, 
nainely, always increasing with a descending pitch and diminishing 
with a rising one.* 

So far, the arytenoids have merely served as links, connecting the 
vocal ligaments and thyroarytenoid muscles with the cricoid cartilage, 
und the function just described would be just as well performed if 
the vocal ligaments and thyroarytenoid muscles were attached to the 
cricoid at B without their intervention. In fact, were the vocal liga- 
ments merely intended to sound whenever the current of air passed 
through the larynx these cartilages would apparently have no office. 

But it is to be remembered, that to enable the Jigaments to 
vibrate they must be made to assume a peculiar position with 
respect to each other, and that for breathimg, it is necessary that we 
have the means of opening the passage wide, also of entirely closing 
it; durmg which it is essential that that peculiar position be avoided, 
for fear of a sound being produced when not intended. It is in the 
performance of all these motions that the arytenoids are concerned. 





* Vide Note D. 
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The articulation of the arytenoids with the cricoid has been 
already described. From the extremity N, (Fig. 8,) of the ary- 
tenoid arises a muscle, termed the cricoarytenoideus posticus, which 
is turned round the edge of the cricoid, and affixed to the lower 
part of the back of the Jatter cartilage. Its mechanical action, 
however, 1s the same as if it acted on the arm of a short lever N, 
in the direction NW on the plan, that is to say, perpendicular to 
the axis of motion OP, and its effect is to produce rotation about 
this axis, and therefore to separate the arytenoid cartilages from 
each other and open the passage. (Vide Note C.) 

From the arytenoid another mnscle NX arises, and is attached 
to the cncoid at and about the point X; this is termed cricoury- 
tenoideus lateralis. In Fig. 3, the fibres of this muscle may be 
seen arising from X and passing up to the arytenoid, lying nearly 
parallel to the projection of the axis of motion. 

To understand the action of this muscle upon the arytenoid, 
‘we must remember that the latter is attached to the point B by 
hgaments, which radiate from this point, and are united to the 
arytenoid along its posterior surface from S to R. 

The tension of this muscle then in the direction NX will, by 
drawing the cartilage in that direction, stretch the hgament RB, 
and tend to bring the points X NB inte the same straight line; this 
will at the same time approximate the point V to the medial plane 
and corresponding point of the other arytenvid, and also, (as it 
appears from Fig. 3 that in the vertical projection, is above 
the line joining J-X,) it will depress N and still more V, because 
the cartilage turns on the articulating surface beneath Q. 

The effect, in short, of the pair of muscles in question is to press 
the points V of the arytenoids together, at the same time depressing 
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The two arytenoids are moreover united by a muscle, called 
the éransversus arytenoideus, which arises from td of one ary- 
tenoid, and is united to the other in the corresponding pomts. Its 
section is seen at s in Figs. 2 and 3. It is removed in all the other 
figures. Its action upon the arytenoids is plainly to press together 
the point S and its corresponding one. Hence, when this muscle 
acts at the same moment with the cricoarytenoidei Jaterales, which 
we have been just considering, their joint effect will press the whole 
of the adjacent faces of the arytenoids together, depressing the 
points V and closing the glottis, and, therefore, antagonizing the 
action of the cricoarytenoideus posticus. (Vide Note £.) 

Indeed, it appears at once from the diagrain that the forces NX 
NY of these two muscles must together produce a resultant in the 
direction nearly of WN, and therefore directly opposed to the action 
of the cricoarytenoideus, which is represented in direction by NW. 

Hence, the cricoarytenoidei postici open the glottis. The crico- 
arytenoidei laterales and the arytenoideus transversus acting jointly 
close the glottis. 

The complete closing of that portion of the aperture which is 
included between JZ’ and V, (Fig. 8,) appears to be effected jointly 
by the motion of the arytenoid cartilages, which in closing together 
approach the point 7, from the obliquity of their axis of motion, 
and by the swelling of the muscle NX in contracting to bring the 
arytenoids in contact; both causes tending to compress the cellular 
tissue and muscular fibres which occupy the space TX NV, and 
therefore to close tightly together the sides of the passage below 
the vocal hgaments. 

We have now to consider the means by which the vocal ligaments 
are placed in the proper relative position for vibration. ‘l’o explain 
this, let (Vig. 6,) the continned line be the ordinary position of the 
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vlottis for breathing, when it is slightly opened. In this position 
the vocal ligaments ab ed diverge from each other in such a manner 
that, accordmg to onr previous experiments, the current of the 
breath conld never excite them to vibration, whatever their longitu- 
dinal tension might be. If the points ae be carried upwards, at 
the same tine approaching each other, so as to acquire the position 
ac, it is manifest that this change, by increasing the distances ea, 
fe, will, by diminishing the convenities eba fde, draw the passage 
into the form indicated by the dotted lines eba’ fdec, in which the 
vocal ligaments have assumed the position proper for vibration. 
But the motion of the arytenoid round the axis OP, (Fig. 8,) which 
we have already desenbed, will, im raismg the vocal Jigaments, 
separate them and take them rather into the, position imdicated 
by the dotted line ea’. 

Tt only remains then to explain how the extremity V, (Fig 8,) of 
the arytenoid may be made to rise and approach the corresponding 
point of the other arytenoid at the same time; for, if this is done, 
the vocal ligaments will necessarily assume the required position. 

This motion is permitted by the sliding of the articulating surface 
of the arytenoid upon the cricoid, already described, and is effected 
by the thyroarytenoidei muscles. These muscles we have shewn 
to be only employed during vocalisation, and we shall now see 
that their peculiar structure places at the same time the arytenoids 
in the proper position for vibration. 

The internal face of one of these muscles is seen in Fig. 3; 
a bird’s-eye view of the opposite one is shewn in the lower half 
of Fig. 7 at kV fi That corresponding to Fig. 3 is removed from 
the upper half of Fig. 7, to shew the cricoarytenoideus lateralis 
NX more distinetly, for a similar reason the latter musele is re- 
moved from the lower half to display the thyroarytenoideus kV /- 
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In Fig. 3 the arytenoid and its attached vocal ligament and 
muscle are in the vibrating position. When the arytenoid is in 
the position corresponding to Fig. 5, the pomt F is considerably 
helow the lme EB. Hence when the thyroarytenoid muscle 
is brought into action, its fibres, which he on this face parallel 
to the vocal ligament, tend of conrse to bring the points EFB 
into a straight line and hence raise the pont £. Tns, by in- 
ducing a rotation round the axis OL, would separate the lga- 
ments were it not counteracted by the direction of the fibres of 
the lower portion of the mnscle, which arising from about a, near 
the median plane are attached to the arytenoid at a much greater 
distance from it; this may be seen clearly in Fig. 7. They, 
therefore, draw the pomt N (Fig. 7, 8) of the arytenoid towards 
the median plane producing the sliding motion so often allnded 
to, whilst at the same time the upper fibres of the muscle, which 
are not parallel to the lower, maintain the upper part of the carti- 
lages in their dune position with their points separated, so as to 
part the upper hgaments of the glottis and keep them out of the 
way of the current of air. 

This may be elucidated by considermg the muscle when in the 
position corresponding to Fig. 5 as a very loosely twisted rope, 
which when brought mto action tends by untwisting itself to bring 
its fibres into parallelism, and therefore to commumicate a rotatory 
motion to the attached arytenoid, which, combined with its articu- 
lation to the cricoid, places it m the exact position required for the 
vibration of its vocal hgament, which then assumes the form Fig. 1. 

As the arytenoids are hidden from our sight, and cannot be 
traced externally as the other cartilages can, it is plam that the 
whole account I have given of their motions must be considered 
as depending entirely upon induction. 
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With respect to the scale of notes in the human voice, which is 
termed the falsetto, I shall merely observe that it is at present ex- 
tremely doubtful whether it owes its peculiar quality to some change 
in the laryngeal mechanism, or in the superior cavity ; the motion 
of the cartilages observed by the finger from without shews that 
the tension and consequent diminution of the aperture ED, Fig. 2, 
goes on in the production of these notes just as it does in that of 
the natural tones, and is therefore carried so far in the higher notes 
of the falsetto that the space ED is completely obliterated by the 
upper edge of the cricoid touching the lower border of the thyroid. 

According to M. Magendie* the vocal ligaments of a dog 
vibrate through their whole length while producing deep notes, 
but m high notes the hinder portion only vibrates, the thyroidean 
extremities beg closed together so as to shorten the aperture of 
the glottis, this dimimution of the glottis becoming greater and 
vreater as the notes rise in pitch. Shonld this ever be established 
to be the case in man, I should not be surprised if it were found 
that only during the production of the natural scale the vocal lhga- 
ments vibrate through their whole length, after the manner I have 
described already; while for the production of the falsetto notes 
the following changes may be introduced. If the arytenoids be 
pressed together by the arytenoidei transversi and cricoarytenoidei 
laterales, and at the same time lifted up into the vocal position 
by the thyreoarytenoideit, the complete closing of the passage 
will be prevented, and notes will be produced by the action of 


ee ee = = a 





* Tome PRers. 

+ The cricoarytenvidei laterales press the points /” together (Fig. 8), at the same ume 
depressing them; but the thyroarytenoidei approximate the points /’, at the same time raising 
them, and without bringing them into contact. If both these muscles act at once the raising 
effect of the latter is greater than the depressing effect of the former, because the latter acts 
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the current which will differ entirely m their quality from the 
former, because the vibrating length of the ligaments will be di- 
minished by the contact of the arytenoids, and they will beat 
against each other durmg vibration. 

The approach of the cricoid D to the thyroid at £, Fig. 2, will 
however compress the cellular tissue, &c., and tend to press toge- 
ther the vocal ligaments and the sides of the passage below thein, 
beginning at the thyroidean extremity of the glottis, and diminish- 
ing the vibrating portion at that extremity; and if the tension of 
the ligaments be increased this compression will finally close 
the aperture in the manner described by M. Magendie. 

I have beeu more minute in examining the mechanical action 
of the muscles than may at first sight have seemed necessary, 
because for want of some such examination the greatest confusion 
prevails in all the accounts of them. Thins, winle all writers agree 
that the cricothyroidei serve to approximate the cricoid cartilage 
to the thyroid, either by raising the cricoid or depressing the thyroid, 
none of them have shewn how these cartilages are to be separated 
again, neither do they agree as to the effect of this approxima- 
tion upon the glottis. Again, Cowper and Albinus make the thyro- 
arytenoidei draw the arytenoids nearer together; but Sémimerring 
and Haller make them separate these cartilages; and’ Meckel and 
others make them draw forward the arytenoids. Haller thinks 
that they relax the vocal ligaments; Bichat that they stretch them. 
The ericoarytenoidei luterales are stated by Cowper, Haller, and 





ou a longer lever than the former: but, on the other hand, the mechanical action of the 
former muscles to press the points /’ strongly into contact, by bringing X NB into a 
straight line, receives very weak opposition from the latter muscles, which have already 
brought ghB into a straight line; therefore the joint effect of these two pair of muscles 
will be to press together and raise the points F’. 
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Magendie, to open the glottis by separating the arytenoids, but by 
Sémmering and Bichat to close it. Other writers follow one or 
other of these opmions, combining the different museles after their 
own fashions, without attempting to support their statements by 
mechanical reasoning deduced from the structure and coimexion 
of the parts. In the following table I have brought together the 
functions of the muscles according to the views I have taken 
in the preceding pages. 


CRicoTHYROIDE! stretch the vocal ligaments 


Govern the pitch 


THYROARYTENOIDEI relax the vocal ligaments, 
| of the notes. 


Antagonists. 


and place them in the 
SAMGHIESIED! WOSILIOMG c.c1/2 etiolane = wales oerafae. 


_— SOTO erties ciciss Wis taeda open the glottis \ 


CRICOARYTENOIDEI LATERALEs press together the 
front portion of 
the Arytenoids.. Govern the aperture 


together close { of the glottis. 
the glottis. 


Antagonists 
, etl 


ARYTENOIDEI TRANSVERSI 
ET OBLIQUI press together the hin- 
der portion of the 
Arytenoids ...22 .22 


Lest it should appear to some of my readers that I have, tm 
stating the nses and actions of the several parts of the Laryny, 
expressed myself more decidedly than I ought to have done, I 
beg to state that this decided style was adopted for the sake ot 
brevity, and that itis with the greatest deference that I have ven- 
tured to offer opinions in many cases so different from those of 
former writers. At the same time I[ have endeavoured to explain 
the mechanical grounds of these opinions as clearly as_ possible, 
and to distinguish carefully between those portions of my ex- 
planation that rest on mechanical facts, and those that are merely 
deduced from induetive reasoning. 


ROBERT WILLIS. 
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NOTES. 


Note A.— Page 326. 


M. Savart, whose labours in every branch of Acoustics have contri- 
buted so greatly to the advancement of that science, has written an ingenions 
Memoir, (Annales de Chimie, t. 30), in which he has endeavoured to shew 
that the sounds of the Larynx are produced, not by the vibration of the 
vocal ligaments, but in a manner analogous to those of the little imstru- 
ment called a duck whistle, of which he has given a theory with experiments ; 
this machine consists of a small circular box, in the centers of the flat sides 
of whieh are two holes exactly opposite to each other. When a ewrent of 
air passes through these holes a sound is produced, and his whole explana- 
tion rests npon the analogy between the section of the Larynx (Fig. 1.) 
and of this instrument, of which the glottis and pseudo-glottis are sup- 
posed to represent the two holes, and the ventricles the cavity. But his 
mode of obtaining the form of the laryngeal cavity is to take a cast of 
it in plaster, by which the ventricles are of course distended, and made 
to assume a magnitude and consequence which they never can possess during 
life, but which are essential to his theory. Neither does it appear to me 
that he has been successful in applying this explanation to the muscular 
strneture of the Larynx. This instrument had been before made use of 
with great success by Kempelen for the explanation and imitation of the 


whistling and hissing sounds of the human voice, (Vide Mech. de la Parole). 
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These ventricles appear to have no use considered as cavities, but to 
arise mercly from the form of the lining of the Larynx, which, after se- 
parating above the glottis to isolate the vocal ligaments, and leave them 
free for vibration, again returns to form the pair of folds which constitute 
the pseudo-glottis, and serve to protect the glottis from the accidental 
intrusion of foreign bodies. 

The most ordinary appellation of the vocal ligaments is vocal chords, 
but this term, which implies an /so/ated vibrating ligament, ought certainly 
to be abandoned as conveying a most crroncous notion of the structure of 


the parts in question. They have also been termed the (ps of the glottis. 


Note B.—Page 328. 


Let CD, AB, Fig. 22, be the longitudinal section of a tube, the trans- 
verse section of which is a parallelogram, whose longest side is considerably 
greater than its shortest, which is equal to AC. 

Let this tube be terminated on its upper side by an clastic membrane 
DE, attached on three sides to the tube, but having a free edge opposite 7. 
(similar to the membrane in Fig. 9). 

Suppose the extreme position of this membrane in performing vibrations 
to be DF and DG, and let a current of air be passing along the tube 
in the direction of the arrow. Now when a membrane vibrates under these 
circumstances its motion will be influenced by two causes. 

First,—lt is well known that when a current of air passes through a 
diverging tube, such as 4CDGJ, that, by what is called the lateral com- 
munication of motion, it gradually communicates its onward motion to the 
particles of air which were at rest in DG, and carries them away with it 
creating a rarefaction in J7DG, which occasions a superabundant pressure on 
the outer surface of DG, by which it will be weed towards DE. This there- 
fore acts as a retarding foree when the membrane is passing in the direction 


IG, and as an accelerating foree wlicn it is moving in the opposite direction. 
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Second,—In a tube of the form ACDF'B the current exerts an o1t- 
ward pressure, which will act on the membrane DF’, accelerating it in its 
passage from J" towards J’, and retarding it during its return to #. There 
is an intermediate position DA, in which the current exerts no pressure 
on the sides of the tube, and therefore none on the membrane. 

We may easily conceive then that when the current was first admitted 
into the tube, it might, from: the first canse, occasion a superabundant 
pressure upon the outer surface of DE, which would set it in motion 
towards DF’. By virtne of this motion it would pass the line of equili- 
brium DA, and would then be soon brought to rest by the resistance 
arising from the second cause and its own elastic force. From this posi- 
tion its elasticity and the pressure of the second cause would return it, it 
would pass DH, be again brought to rest by the resistance of the first 
cause, again return, and so on; in this way it would oscillate for some 
time till the friction and resistance of the air, rigidity of the membrane, Xc. 
gradually reducing the extent of its vibrations, would bring it to rest in 
the position DH. 

Experiment shews however on the contrary that as long as the current 
is maintained the vibrations continue. This may perhaps be explained by 
a closer examination of the nature of the force arising from the lateral 
communication of motion. When the membrane is passing from DF' to- 
wards DG, and has got into the position DH, we suppose this phenomenon 
to begin; but as the rarefaction it occasions procceds from a motion gra- 
dually imparted to the air, it is plain that it takes “me to perfect it, and 
hence at any given point A the rarefaction is not so great when the 
membrane passes it in going towards DG, as it is when the membrane 


returns from DG.* Hence the retarding force at each point A in going 





* This effect is assisted too by the circumstance that when the membrane is receding 
from the current, the circumambient air can more easily rush in to supply the deficiency 
than it can when the membrane is returning. 


Mechanism of the Larynx. 347 


outwards is less than the accelerating force at the same point in returning, 
aud the difference gives us a force to balance the loss from friction and 
resistance, which will therefore keep the membrane in motion as long as 
the current is kept up. 

A similar explanation will apply to the case of the reed of an organ pipe, 
to the free reeds now so much in vogue, and to every other case in which 
a vibratory motion is maintained by a current. For instance, let 4 BCD 
Fig. 21, be a transverse section of the plate of a free reed, and let EF' be 
the two extreme positions of the vibrating tongue which passes through 
the aperture BC of the plate, the dotted line being its position of rest. 
When. in the position #’, the current indicated by the arrows rarifies the 
air above the tongue by the lateral communication of motion, which action 
ceases the moment the plate gets to the level of BC, while a similar process 
commences at the lower surface of the tongue, and ceases when it returns 
to BC; affording in both cases a retarding force in going from BC less 
than the accelerating force in returning to it, and therefore maintaining 
the motion as long as the current is kept up. Here the tongue is first 
started into motion by the upward pressure of the current; and if the 
position of the tongue be not accurately adjusted, it is found that it will 
either assume a position of rest a little above that which it takes when 
no current acts upon it, or else will get very slowly into motion. 

I propose to enter more filly however into this subject hereafter. 

M. Biot* has attempted to explain the motion of an organ reed in a 
way which would be perfectly satisfactory upon the hypothesis of perfect 


elasticity and uon-resistance of the air, but in no other case. Were lis 


— eee 


* Physique, t. Il. pp. 166, 172. Precis clementaire, t. I. pp. 429, 431. Also Pouillet. 
Physique, t. II. p. 180. 

M. Biot also adapted two lips of India rubber to a pipe connected with organ bellows, 
and upon passing the current of air through them he obtaincd sounds. (Precis elementuire 
de Physique, t. I. p. 462.) 
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view of the action of the current correct, it is manifest that the reed would, 
after a few oscillations, assume a position of rest in every case. ‘These 
remarks of mine have snggested to Professor Airy the investigation of an 
elegant law, for which I must refer to his ingenious paper in the previ- 
ous volume (p. 369) “On Certain Conditions under which a Perpetual 
Motion is possible.” 

Note C.—Page 337. 

The offices generally assigned to the cricoarytenoideus posticus are to 
open the glottis by drawing the arytenoid backward, and to stretch the 
vocal ligament. Now it is perfeetly true that this muscle (WIV Fig. 8) 
in drawing the arytenoid from the mesial plane to open the glottis will 
affect the tension of the vocal ligament ZV’ by increasing the distance 7')’. 
But the only function in which the tension of the ligament is coneerned 
is voealisation, aud for this a peculiar position of the ligament is required, 
which is given by the thyroarytenoidei, while the complete and direct 
regulation of the tension is also provided for by the joint action of the 
cricothyroidei and thyroarytenoidei. On the other hand, the effect of the 
erieoarytenoideus posticus upon the tension is very slight at the first 
departure of the point V’ from the mesial plane, indirect and inconsiderable 
in every case, and it cannot aet without drawing the cartilages asunder 
and out of the vocalising position; therefore I infer, that this muscle is 
never concerned in adjusting the tension for vocalisation, and that its effect 
upon it may therefore be neglected. 

Again, the phrase “ drawing the arytenoid backward,” is a loose one, 
and implies that the ligament BABS is relaxed by this action, which 
is by no means the.case. I have attempted to shew that this muscle 
produees rotation round the axis OP; and as the bundle of ligaments 
radiate from about that point B of the cricoid where the axis interseets 
its surface, it is plain that the rotation of the arytenoid will scarcely affeet 


their tension. It is true that those fibres of the muscle which lie nearest 
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the mesial plane are directed so as to draw the arytenoid towards B; but 
this is counteracted by the fibres that lie farthest from the mesial plane; 
and as we may assume that the whole of the fibres of the muscle act at 
once, the resultant of their action will be found as nearly as_ possible 


perpendicular to the axis of articulation OP. 


Note D.—Page 336. 

It is worth while to ascertain the state of tension of the vocal ligaments 
when at rest, which we may readily infer from the application of the test 
here described. If the finger be lodged in the space ED, Fig. 2, and a 
bass note sounded, the Jarynx will descend from its position of rest, and 
ED be enlarged; if a high note be sounded, the larynx will ascend from 
its usual position, and the space “DD be diminished; but an intermediate 
note may be found, the sounding of which will not remove the larynx from 
its ordinary position of rest, or alter the usual magnitude of LD, and this 
note will be the average pitch of ordinary speech. Now, as I have shewn 
that the space £D indicates the tension of the vocal ligaments, I infer 
from this that in the position of rest these ligaments possess the tension 
required for the average pitch of speech, requiring to be relaxed for deeper 
uotes, and stretched for higher. But as in this state of tension the breath 
passes between them withont being able to elicit vibrations from them, we 
see the necessity of some such conditions as those I have described to 


enable sounds to be produced at pleasure. 


Note 1.—Page 338. 

Some of the fibres of the arytenoideus transversus are attached to the 
cricoll at one extremity, and are sometimes described as distinct muscles 
uuder the name of arytenoide: obliqui; they conspire with the transverse 
fibres in drawing together the hinder portion of the arytenoids, and by 
their oblique direetion assist the cricoarytenoidei laterales in depressing the 


arytenoids. 
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DESCRIPTION OF THE PLATES. 


PLATE XXII. 


THE letters of reference belonging to the shaded figures on this Plate are con- 
tained on its accompanying outline Plate, marked Plate 22*. 

Fic. 2 is a section of the vocal mechanism in its natural state, made by a plane. 
technically called the mesial plane, passing through the mouth, larynx, Xe. 
and dividing the head symmetrically. In the outline of this Figure the mouth, 
chin, tongue, &c. are sketched in to make the relative situation of the Larynx 
to these parts more clear; the shaded Figure is confined to the Larynx and 
parts immediately adjacent. 

MPA, upper part of windpipe. 

MTOLIP, laryngeal cavity, opening at LJ into the pharynx. 

trIL, part of the cavity of the pharynx, which is continued above ¢r 
into the nostrils. 

efghHk, cavity of the mouth. 

a,b, lips. e,d, teeth. ef, palate. fg, soft palate. A, uvula. 

kH, tongue. LO, epiglottis. JH, oesophagus. 

ZV, vocal ligament, constituting one side or lip of the glottis. 

TB, upper ligament, constituting one side of the pseudo-glottis; the dark 
opening between these is that of the ventricle. 

PQ, DM, cut edges of cricoid cartilage. 

ETF, cut edge of thyroid cartilage. 

s, cut edge of arytenoideus transversus. 

Fic. 1 is a section made hy a plane perpendicular to the former, and passing along 
the line 4B and BC in Fig. 2; looking towards JK. 

The line GG passes through the vocal ligaments and glottis. 
LL, through the superior ligaments and psendo-glottis. 
VV, through the two ventricles. 
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Had this section passed nearer to EF (Fig. 2) these ventricles would have 


appeared somewhat deeper, and considerably higher at their inward extremities. 


Fic. 5 is a similar section, having the vocal ligaments in another position, and 


Fig. 6 an enlarged diagram of part of these sections, which is sufficiently ex- 


plained in the text. 


In Fies. 3, 4, 7, 8 the Larynx is represented as removed from the surrounding 


Fie. 


parts, and stripped of the epiglottis and investing mucous membrane, leaving 


the bare cartilages, muscles, and ligaments; but still retaining in their pro- 


per relative positions those parts which are left. 


3 is a section of the Larynx in this state, corresponding to Fig. 2; the cut 


edges of the cartilages being therefore alike in these two figures. 


EmCG, the thyroid cartilage. G, its upper horn. C, the place of its lower, 
by which it is articnlated to the cricoid. 

AnBC, the cricoid cartilage. 

F, the arytenoid cartilage. 

EF, the vocal ligament. 

FB, the bundle of ligaments uniting the arytenoid to the point B of the cricoid. 

Emea, the thyroarytenoideus muscle. 

Xe, the cricoarytenoideus lateralis. 

s, the transverse section of the arytenoideus transversus. 

BL, the projection of the axis of articulation of the arytenoid with the 
cricoid. 

mn, the space between the thyroid and cricoid, which may be traced exter- 
nally at DE (Fig. 2.) 


Fic. 4, the external elevation of the half of the Larynx removed from Fig. 3. 


lee 


~ 


fe 


Emcf, the thyroid cartilage. H, its upper horn. C, its lower horn, arti- 
culated to the cricoid. 

AnBC, the cricoid cartilage. 

AK, the cricothyroideus muscle. 
A bird’s-eye view of the Larynx from above. 


GEH, the thyroid cartilage embracing the ring of the cricoid re Aw, 


and capable of turning on the axis wz, which passes through the lower horns 


C, Figs. 3, 4. 


NF, NF, the arytenoid cartilages. 
TV, 7'V, the vocal ligaments. 
NX, the right cricoarytenoideus lateralis, the left is removed. 
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Vif, the left thyroarytenoideus, the right is removed. 
Ni, Nl, cricoarytenoidei postici. 
The arytenoideus transversus is removed. 


RB, B, the ligaments uniting the arytenoid and cricoid. 


Fic, 8 is part of Fig. 7 enlarged, to shew the direction of the muscular forces 


which act on the arytenoid cartilage. 


QNVS, the right arytenoid. 

TV, its vocal hgament. 

BRS, the bundle of ligaments uniting it to the cricotd. 
OP, the projection of its axis of articulation. 


hg the direction of the force of the thyroarytenoideus. 


YD ea cricoary tenoideus lateralis. 
NY —  tritdaiicnoideus posticus. 
NY arytenoideus transversus. 





PLATE NNIITI. 


Consists of figures of apparatus and diagrams which are sufficiently explained in 


the text. 


ERRATA. 


Page 333, line 12 from bottom, for Figs. 7, 8, read Figs. 3, 7. 
—— 338, — 6 from top, after ‘the point S,” insert (Fig. 8). ° 
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